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Apple vinegar (AV) contains several phytochemicals with antioxidant properties which make it
finds applications in traditional medicine and food preservation. The phytochemical content of
AV has been reported to be influenced by several factors. This study was therefore conducted to
investigate the effects of production methods and varietal profile on the phytochemical content
and antioxidant activity of AV. Four varieties of apple; Red Delicious (V1), Gala (V2), Golden
Delicious (V3), and Starking Delicious (V4) were employed for the study. The V3 variety was
used to prepare AV using three different methods; cutting apple into small pieces (AP), filtering
apple juice (AJ), and crushing apple (CA). Then, the vinegar samples were prepared using the
AP method for fermenting the four varieties of apple. Total polyphenol, carotenoid, flavonoid,
as well as flavone and flavonol contents of the AV were determined. Free radical scavenging
activity and total antioxidant capacity were evaluated. The results obtained showed that the V1
variety is rich in flavonoids, and the V2 and V3 varieties are rich in flavones and flavonols,
while the V4 variety contains a significant amount of carotenoids. Also, it was observed that the
highest antioxidant activity was obtained in the AV prepared from the V1 variety and by CA
method with I1Cso values of 770.333 and 75.507 pg/mL, respectively. The highest total
antioxidant capacity value of 822.266 ug EAA/mL was recorded for the V4 variety. Therefore,
the findings from this study elucidate that varietal profile and production methods influence
polyphenol content and antioxidant activity of AV.
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Introduction

Apple vinegar (AV) is a liquid obtained from a double
fermentation of apple fruits, produced either by the slow fermentation
process using a traditional method (Orleans method) or rapid
procedure used in the industry (Submerged technique).® It contains
several chemical compounds of nutritional value and bioactive
molecules such as carotenoids, phytosterols, phenolic compounds, and
vitamins.* Vinegar can be used for several purposes, such as salad
condiments or food preservation, and has found applications in the
field of traditional medicine as a disinfectant or cosmetic product.** It
can be used to reduce hyperglycemia, correct dyslipidemia, and help
to reduce body weight.®” Research on vinegar has shown that it has
antioxidant, antibacterial, and antifungal activities, as well as the
capacity to inhibit the action of a set of some pathogens.®® The
therapeutic properties of vinegar include anti-diabetic, anti-obesity,
and anti-cancer effects.” It is also recognized for its ability to decrease
blood pressure,”® prevent lipid peroxidation, nucleic acid damage,
inflammation, and improve neurological complications in Alzheimer's
disease (AD) via regulation of oxidative stress markers.™*
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Polyphenols are ubiquitous in many foods, fruits, drinks, and fruit
vinegar. The content of polyphenols and other phytochemicals in AV
differs according to several factors, including the raw materials,
climate, harvesting method and its storage,"*** production methods,**
container, temperature variation, and shelf life of vinegar."® This
generally influences the quality and chemical composition of the final
product. This study was aimed at determining the effects of production
methods and varietal profile on the phytochemical contents and
antioxidant activity of apple vinegar.

Materials and Methods

Sources of plant materials

Four varieties of apple; Red Delicious (V1), Gala (V2), Golden
Delicious (V3), and Starking Delicious (V4) as shown in Table 1 were
randomly harvested from Imouzzer Kander, Sefrou Province, region
of Fez-Meknes in the Middle Atlas of Morocco and appropriately
transported to the SMBA University, Fez, Morocco. The plants were
authenticated by Pr. Amina Bari, a Botanist in the same university.
The four varieties were used for the production of AV.

Sample preparation

The Golden Delicious variety was used to produce the AV using three
distinct methods. In the first method, the apples were cut into small
pieces (AP) with a volume of 8 cm®. The second method was based on
filtered apple juice (AJ). As for the third method, all the juice
components of the crushed apple (CA) were obtained. Then, the
vinegar samples were prepared using the AP method for fermenting
the four varieties of apples previously designated as V1, V2, V3, and
V4. These preparations were deposited in anaerobic and dark
conditions for 40 days for alcoholic fermentation by implementing
spontaneous microorganisms existing on the fruit surface.
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Table 1: Geographical locations, dates of sample collection
and voucher number of the studied apple samples.

Variet Sample Location sDa?]twe ?(I Voucher
y ID ple Number
collection

Red V1 September DGI10918

Delicious 2019 191

Gala V2 Imouzzer August 2019 6108181
Kander 92
33°44°

Golden 3 North, 5°01°  September RDI10918

Delicious West. 2019 193

Starking 4 September SDI0918

Delicious 2019 194

The alcohol obtained from the first fermentation was transformed into
acetic acid for ten days under aerobic conditions at room temperature
(22 + 3°C). The final product was filtered manually and stored in
opaque glass bottles for later use.

Determination of total polyphenol content

The total polyphenol content of the different samples was estimated
using the method described by Singleton and Tsai.'® This method
consists of mixing 0.1 mL of Folin-Ciocalteu reagent (25 %) and 0.1
mL of vinegar. The mixture was stirred vigorously using the vortex,
and 2 mL of sodium carbonate solution (2 %) were added. After 30
min of incubation at room temperature (22 + 3 °C), the mixture was
measured by spectrophotometry at 760 nm. The results obtained were
expressed in pg of Gallic acid equivalent per mL of vinegar. A series
of Gallic acid dilutions were carried out by successive /, X dilution in
distilled water ranging from 1000 pg/mL to 30.6 pg/mL to draw a
standard calibration curve: y = 1.2603x + 0.0266 (x: The concentration
of Gallic acid equivalent expressed in pg of gallic acid per mL of
vinegar; y: measured absorbance) with a correlation coefficient: R2 =
0.9237.

Determination of total carotenoid content

The method of Mackinney is based on mixing 50 mL of the fresh
sample with 10 mL of 80 % (v/v) aqueous acetone. Then, the mixture
was centrifuged and filtered. The absorbance was measured at three
wavelengths (470, 663, and 647 nm) after which the concentration of
the compounds was determined by the formula below.”

[Carotenoids] = (5 x DO470) + (2.846 x D0663)
— (14.87 x DO647)

Determination of total flavonoid content

Yang et al. described the procedure for the determination of
flavonoids.? One millilitre of each sample was added to 1 mL of 2 %
aluminium chloride methanolic solution. After 15 min of incubation at
room temperature, the absorbance of the samples was measured in a
UV-visible spectrophotometer at 430 nm. A similar procedure was
repeated for Quercetin at different concentrations. The ethanol and
AICI; methanolic solution represented the controls. All the procedures
were performed with three repetitions. The concentrations of
flavonoid compounds in the test samples were calculated using a
Quercetin calibration curve (R2 = 0.9844).

Determination of flavone and flavonol contents

Flavones and flavonols were determined by mixing 0.5 mL of AV in a
test tube with 1.5 mL of ethanol, 0.1 mL of methanolic solution of
AICI; (10 %; v/v), 0.1 mL of CH3COONa, and 2.8 mL of distilled
water. The solution was incubated at room temperature for 30 min. A
UV-visible spectrophotometer was used to measure the absorbance at
415 nm. All the experimental procedures were repeated three times.
The samples' concentration of flavones and flavonols was calculated
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using the calibration curve obtained using the Quercetin as standard (y
=0.0062x + 0.4289 and a correlation coefficient, R2 = 0.857).'

Determination of free radical scavenging activity

The radical-scavenging activity of the different samples was
determined by the free radical trapping method using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) as a relatively stable oxidizing agent.’® The
method consisted of the addition of 2 mL of each sample to 0.5 mL of
DPPH (0.004 %). Simultaneously, a negative control was prepared by
mixing 1 mL of methanol with 0.25 mL DPPH.® An absorbance
reading was recorded against a positive control (ascorbic acid) at 517
nm after 30 min of incubation in the dark and at room temperature.
The test was repeated three times, and the % of inhibition was
estimated by applying the following equation:

% inhibition = [(Abs control — Abs sample) / Abs control] x 100
Where (Abs control) is the absorbance of the control, and (Abs
sample) is the absorbance of the sample. The ICso (which is the
concentration inhibiting 50 % of the reaction) of each sample was
determined using a linear regression graph (y=5E-05x + 0.0721; Rz =
0.9769).

Determination of total antioxidant capacity

In this method, 25 pl of each sample under study were mixed with 1
mL of liquid reactive solution (0.6 M sulphuric acid, 28 mM sodium
phosphate, and four mM ammonium molybdate). The solution was
then incubated in a water bath at 95 °C for 90 minutes before
measuring its absorbance using a spectrophotometer at 695 nm. The
antioxidant capacity was expressed in micrograms of ascorbic acid
equivalent per millilitre of vinegar (ug EAA/mL of the sample) from
an ascorbic acid curve. Methanol was used as a negative control.%°

Statistical analysis

To investigate the influence of varietal profile and production methods
on the physicochemical properties of AV, the production was repeated
three times and the data were presented in the form of graphs using
means and standard deviations. Mean comparison was performed with
the ANOVA test, followed by a post hoc Tukey test at p < 0.05. The
linear correlation between polyphenol content and vinegar antioxidant
potency was obtained by the Pearson correlation coefficient at a
significance level at p <0.05. Principal Component Analyses were
accomplished using Minitab19.1 software, LLC, USA.

Results and Discussion

Total polyphenol content of vinegar produced from different varieties
of apples

Polyphenols are secondary metabolites found in most plant species,
often reflecting the bitter and astringent fruit flavor.?* Its content in the
fruit differs according to the species,?? varieties,”® and their
geographical origins.** As scientific literature reports, procyanidins
and condensed tannins are the principal substances of most apple
varieties.® The results shown in Figure 1 indicated a significant
difference between the test varieties (p=3,39x10™). Vinegar prepared
by V1 represents a higher concentration (1462.586 pg Gallic acid
equivalent/mL) compared to V4, V3, and V2 with concentrations of
1169.523, 1082.772, and 981.751 pg/mL, respectively. In general, the
polyphenol content in the experimental samples varies between
981.751 and 1462.586 pg/mL. This range is slightly higher than 988
mg GAE/L described by Sengun et al.?® This difference can be
explained by the variation in the phenolic content of the initial
material from which they were produced.”® According to this study,
the amount of polyphenols in the Golden Delicious (V3) is relatively
higher than the Gala (V2), which was confirmed by research
conducted by Minnocci,® on these same varieties with concentrations
of 1043 and 560 pg/mL, respectively. Thus, the total polyphenol
content for Golden Delicious (V3) samples was lower than that
recorded for Starking Delicious (V4). These results can be explained
by the findings from the study carried out by Francini et al., which
showed that Starking Delicious contains a higher total polyphenol
content than the Golden Delicious.? Wang et al, found a
concentration of 1802.1 pg/mL in Golden and 3184.8 pg/mL for the
Gale gala (V2) varieties®® and between 1143.38 and 1229.32 mg/100
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g in the Starkrimson and Top Red varieties, respectively.? Similarly,
the results obtained by Ozturket al., indicated that the difference in
vinegar samples was due to the types and nature of the raw material
and its origin.*

Phenolic compounds can be influenced by various environmental and
varietal factors,®® such as alcoholic fermentation, and acetic
fermentation methods.* As shown in Figure 2, the vinegar obtained
from the CA method represents a high concentration of polyphenols.
The observation could be due to the fermentation of the whole fruit
composition throughout the production process. This will allow the
bioactive compounds to be extracted either through the conditions
created by the fermentation or through the effects of natural
microorganisms.*** Thus, the AP method is based on the
fermentation of apple in its solid-state, which can slow down the
extraction of bioactive molecules and makes it difficult to reach all the
cells by the enzymes (cellulase and pectinase),®® secreted
spontaneously into the environment by microorganisms. These results
can be confirmed by the observation made on the vinegar of apple
juice (AJ) which does not exceed 860 pg/mL, which may mean that
the elimination of apple pomace, in the beginning, led to a significant
loss of Procyanidins and Tannins capable of adsorbing parietal
surfaces, polysaccharides, and protein structures by non-covalent
bonds.l,36,37

It should be noted in this study that the filtration of vinegar samples
was carried out by manual pressure filtration during the production
process. This procedure indicated that the crushing step allowed
polyphenolases (PPO) and polyphenols to directly interact with each
other leading to the transformation of polyphenols into other
molecules. As a result of this, qualitative and quantitative decrease in
the chemical composition of the final vinegar product was achieved.*®
Guyot et al. reported that polyphenol concentration decreases during
the first alcoholic fermentation from apple to cider.***° During
acetification, these phenolic compounds are reduced by 40 % in their
initial content in the raw material compared to the red and white
vinegar (with a decrease of 13 and 8 %, respectively).”* Francini and
Sebastiani found that polyphenols can reside in apple pomace after
juice extraction.”’

Total carotenoid content of vinegar produced from different varieties
of apples

Carotenoids are among the nutrients that the human body cannot
synthesize. Their interest in combating severe degenerative diseases
such as cancer, coronary heart disease, and Age-related Macular
Degeneration (AMD) appears to be very interesting.*” The
contribution of these elements can therefore only be made by plant
and animal foods.*** In this study, carotenoids were determined in
vinegar made from different varieties of apples. The results obtained
revealed that there was a significant difference (p=2.51x10"%) between
the vinegar of all varieties except for V1 and V2, which appeared
identical. Both varieties (V1 and VV2) contain a lower concentration of
total carotenoids (2.584 and 2.511 pl/mL respectively) than V3 (3.527
pg/mL) and V4 (10.355 pg/mL). Carotenoids are very common
pigments in plants, and they appear yellow, red, or orange in color.
Delgado-Pelayo et al., showed that Golden Delicious has a higher total
carotenoid concentration than the Gala and Starking varieties. Indeed,
despite the abundance of carotenoids in the Starking variety offered in
this study, apples and their by-products remain a resource with low
carotenoids compared to other fruits.*

To study the effect of manufacturing methods on the carotenoid
content in the final vinegar product, three methods mentioned above
were used to ferment the variety V1. The results are displayed in
Figure 4 and revealed a significant difference (p=3.57x10™) between
the AP and CA methods compared to the AJ method. The carotenoid
content of AV for the first two methods was higher than for the third
method (2.584, 2.741, and 1.415 pg/mL, respectively). This may
indicate that a large quantity of these carotenoids was removed during
the pressing of the apples to obtain the juice for the AJ method AJ,
while for the AP and CA methods, all the compounds of the apple
were utilized for the fermentation, which resulted in the extraction of a
large number of carotenoids.
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Figure 1: Total polyphenol content (ugGAE/mL) of vinegar
produced from four varieties of apples.

V1: Red Delicious; V2: Gala; V3: Golden Delicious; V4: Starking
Delicious; a, b, ¢, and d: Statistically significant results (p<0.05).
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Figure 2: Total polyphenol content (ugGAE/mL) of vinegar
produced from four varieties of apples using different
production methods.
AP: Pieces of apples; CA: Crushed apples; AJ: Apple juice; a, b, and
c: Statistically significant results (p < 0.05).
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Figure 3: Total carotenoids (ug/mL) of vinegar produced from
four varieties of apples.
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Thus, the cubic shape of the apples for the AP method may require the
resence of enzymes such as cellulase and pectinase that could facilitate
its extraction.™ Pigment content is often higher in the peel (58.72—
1510.77 pg/g DW) than in the apple pulp (14.80-71.57 ug/g DW).*

Total flavonoid content of vinegar produced from different varieties of
apples

In addition to the phenolic acids, the flavonoid group is considered
among the most abundant bioactive compounds in fruits. The
concentration of flavonoids in the samples of this study was
determined using a calibration curve (R2 = 0.984). As highlighted in
Figure 5, the results displayed a significant difference in the
concentration values (p=1.12x10™). Vinegar prepared with V1 variety
contains a higher amount of total flavonoids (122.37ug QE/mL)
compared to that recorded for V3, V2, and V4 (95.927, 76.72, and
24.977 pg QE/mL, respectively). Several pieces of research have
shown that the concentration of flavonoids in vinegar is often lower
than in apples. Sengun et al. reported a decreasing order of flavonoid
content in AV (174.79 pg QE/mL),® Gale gala (132.94 mg
QE/100mL), and Golden Delicious (121.24 mg QE/100mL).%

The results presented in Figure 6 indicated an abundance of flavonoids
in the vinegar prepared by the AP method compared to those obtained
from the CA and AJ methods with values of 122.377, 62.605, and
14.543 pg QE/mL, respectively. In this study, the production methods
affected the composition of flavonoid content. This observation
indicated that bioactive chemicals in vinegar vary depending on
several factors such as the varietal profile and the production
procedures stated above.

Flavone and flavonol content of vinegar produced from different
varieties of apples

Flavonols (3-hydroxyflavones) and flavones (3-deoxyflavonols) are
part of the polyphenol family and are highly responsive in the plant
kingdom,*® at different concentrations depending on several factors.
This part of the study consists of measuring flavonols/flavones in
vinegar samples produced from different varieties of apples. The
results obtained (Figure 7) showed that the vinegar prepared from V2
and V3 varieties showed a significant difference in the amounts of
flavonols/flavones (45.96 and 46.02 pg/mL respectively) compared to
the concentrations obtained in the V1 and V4 varieties (36.822 and
27.797 ug/mL, respectively; p=4.62x10). These result showed the
effect of varieties on flavone/flavonol content, which is in agreement
with the previous study.? Based on the results presented in Figure 8, a
maximum concentration of flavones/flavonols (72.871 pg/mL) was
obtained by the crushed apple (CA) method compared to the AP and
AJ methods (36.822 and 25.724 pg/mL, respectively). This
observation explains the efficiency of the CA method to obtain a
better extract of these flavones/flavonols compounds from apples
during the production of vinegar. This method may allow the creation
of the conditions for the emergence of these compounds stored in the
vacuole of the cells of the plant material.

Free radical scavenging activities of vinegar produced from different
varieties of apples

Fruit vinegar is a product rich in bioactive compounds such as
polyphenols, carotenoids, and flavonoids, making it one of the most
preferred food ingredients compared to synthetic products. The
antioxidant power of these compounds is manifested by direct
trapping of free radicals by chelation of traces of metal ions involved
in its formation by proton atom exchange.” After 30 minutes of
incubation in the dark, the values obtained from the antioxidant
activity test using DPPH indicate the concentration of vinegar
required to inhibit 50 % of the antioxidant agent (DPPH).® As shown
in Figures 9 and 10, there was a significant difference (p<0.05)
between samples according to the production method and the initial
raw material used. Figure 9 shows the DPPH scavenging activity
values of vinegar prepared by apple pieces (AP) of different varieties
(V1 to V4). The results obtained revealed that the V1 and V3 samples
had an inhibition concentrations of 770.333 and 824.051 pg/mL,
respectively which were identical to that of the positive control
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(Vitamin C with 1Csp= 748.108 pg/mL) and slightly lower than the V4
and V2 varieties (with ICsp values of 921.972 and 1599.336 pg/mL,
respectively). This indicates that the vinegar of variety V2 had lower
antioxidant activity than the other varieties and reference antioxidant.
These results are consistent with the finding reported by Francini et
al.” The Gala variety possesses a large number of antioxidants found
in apple pomace.?” Thus, according to Bakir et al., AV remains the
most defective product in antioxidant compounds than vinegar from
other fruits.”® The positive control (vitamin C) used in this study
showed a lower antioxidant activity (ICsp= 748.108 pg/mL) than that
recorded for the four varieties. The results obtained from the vinegar
samples prepared by the different methods studied indicated a higher
1Cs0 (951.015 pg/mL) for the AJ method and a lower ICs, for the CA
procedure with a value of 54.648 pg/mL (Figure 10). Therefore, the
CA method represents a higher antioxidant capacity. These results can
be explained by the phenolic content of these samples involved in
neutralizing free radicals of the oxidizing agents used.*® The contents
of polyphenols, flavonoids, and carotenoids may be influenced by the
method applied since it appears that the CA method can maintain the
antioxidant power of vinegar while the other two procedures, AP and
AJ, decrease this power. This observation shows that crushed apple
facilitates the extraction of bioactive compounds that react as an
antioxidant which gives vinegar a very high antioxidant power.
According to Bakir et al., the antioxidant activity of AV prepared by
the traditional method was higher than that prepared by the submerged
method.*® Several pieces of research have shown that antioxidant
activity is highly correlated with the total polyphenol content of
samples,” and each polyphenol has a different antioxidant potential
depending on its chemical structure.”® In addition to the enzymes
involved in protecting the body against oxidizing agents, certain
amino acids exist in vinegar that can act as antioxidant agents such as
Histidine, Glycine, Alanine, Tyrosine, and Lysine.®* Catechins,
epicatechin, and chlorogenic acid,”’ procyanidins,®® and carotenoids
are considered to be among the most potent antioxidants in plants
compared to vitamin C.>*

Total antioxidant capacity of vinegar produced from different varieties
of apples

The total antioxidant capacity (TAC) shown by the molybdate-based
method indicated that the capacity of the V4 variety (822.622 g
EAA/mL) had higher activity than that recorded for the other varieties;
V3, V2, and V1 (700.681, 536.468, and 136.409 pg EAA/mL,
respectively) as presented in Figure 11. From Figure 12, it was
observed that the vinegar prepared by the CA method had a TAC
(674.460 pg EAA/mL) higher than vinegar obtained by the AP and AJ
methods (536.468 and 113.118 pug EAA/mL, respectively).

Relationships between different parameters of the apple vinegar
samples

The coefficients of Pearson's correlation between the different
parameters of samples used in this research showed a strong positive
correlation between flavonoids and polyphenols (r = 0.838) and a
negative correlation between the two latter parameters and DPPH (r =
- 0.771). Simultaneously, carotenoids and TAC were positively
correlated with a coefficient r = 0.631 (Table 2). The results of the
PCA obtained in Figure 13 highlighted that the eigenvalues of the first
two principal components represent 72.4 % of the variation in the
data. The first principal component shows a strong positive association
with polyphenols and flavonols/flavones. The second component
shows a strong negative association with flavonoids and a positive
association with flavonoids and TAC. The projection of the scoring
diagram and the contribution diagram visually shows a strong positive
contribution of CA on the first main axis in positive correlation with
flavonoids and polyphenols and negatively with DPPH. Therefore, it
reflects an important content of bioactive compounds that contribute
to the strong antioxidant activity indicated by low values of 1Csg
(DPPH).%® The second component is positively correlated with the
carotenoids and TAC and strongly contributing to the V4. According
to research conducted by Young et al.,* this correlation can indicate
that the richness of V4 in carotenoids reflects a very high total
antioxidant capacity indicated by TAC values.
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Conclusion

Bioactive compounds have an important role as antioxidants. The
content of these compounds in AV varies according to several factors.
Indeed, in this research, it has been shown that flavonoid content is
higher in the V1 variety. For carotenoids, their abundance was
recorded in the V4 variety sample. Regarding the effect of production
methods, it was discovered that the AP method produced the maximum
extraction of flavonoids, flavones/flavonols, and polyphenols. It was
shown through the results obtained that the V4 variety and the CA
method revealed a higher antioxidant activity than that recorded for the
other samples. The choice of the method to produce AV can contribute
to obtaining vinegar with a high nutritional value which is rich in
bioactive molecules. The future direction to this study is the structure
identification of chemical components and the investigation of the
relationship between the chemical structures and their biological
activities.
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Figure 12: Principal component analysis of different studied parameters.
A: Contribution Score Chart for the First 2 Components; B: Double projection diagram for the first two components; DPPH: 2,2-
diphenyl-1-picrylhydrazyl; TAC: Total antioxidant activity.
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Table 2: Pearson correlation coefficients between various phytochemical parameters of different studied vinegar simples

Polyphenols  Carotenoids Flavones/flavonols Flavonoids DPPH* TAC*
Polyphenols 1.000
Carotenoids -0.039 1.000
Flavones/flavonols 0.838 -0.279 1.000
Flavonoids 0.043 -0.382 0.245 1.000
DPPH * -0.771 0.021 -0.521 -0.046 1.000
TAC * 0.228 0.631 0.369 -0.072 -0.132 1.000
* DPPH: 2,2-diphenyl-1-picrylhydrazyl; TAC: Total antioxidant activity.
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